ABSTRACT: Industrial chemistry in the new millennium is widely adopting the concept of "Green chemistry" to meet the fundamental scientific challenges. Antihypertensive drugs include several of the most widely prescribed drugs like diuretics, beta-blockers, ACE inhibitors, calcium channel blockers, and α-1 adrenoreceptor blockers. The discovery of prazosin, with very high index of α 1 /α 2 affinity has triggered off a renaissance of interest in αα 1 -adrenoceptor antagonist drugs for treatment of hypertension. The three reported routes for synthesis and manufacture of the α-adrenoceptor antagonist-prazosin had some disadvantages. In present study we had developed new methods for the synthesis of prazosin by using microwave. The most important aspect is the overall yield of this process was ~25 % higher than the other reported methods excluding the use of banned substances.
INTRODUCTION

D
iseases of the arterial tree caused more premature deaths than all other diseases such as cancer and infections combined. Among the major risk factors for arterial diseases, high blood pressure has been identifi ed as the most powerful one [1] . Lowering blood pressure in hypertensive patients requires not only a broad choice of eff ective and well tolerated medications, but also skills to motivate them to comply with the lifelong treatment.
Antihypertensive drugs include several of the most widely prescribed drugs like diuretics, beta-blockers, ACE inhibitors, calcium channel blockers, and α-1 adrenoreceptor blockers. Th ese drugs are also used for other indications including heart failure, ischemic heart disease and renal disease. Th e most widely used antihypertensive drugs fall into six mechanistic "classes". To treat hypertension more than 100 chemical entities are marketed internationally. Th e number of patients existing for every class of antihypertensive drugs is nearly hundreds and thousands of individual chemical entities are identifi ed to treat hypertension.
Prazosin (a) and its analogs, Fig. (1) , or congener drugs namely, Terazosin (b), Doxazosin (c), Alfuzosin (d), Bunazosin (e), and Quinazosin (f) have achieved signifi cant usage as selective α1-adrenoreceptor antagonist drugs useful for the treatment of 'primary' or 'essential hypertension,' the most common of the cardiovascular disease of modern times and which accounts for nearly 40% of the deaths worldwide [2, 3] .
As the logical approach for eff ective management of the arterial hypertension, prazosin and its analogs, with a strong vasodilatory action on the arteriolar vascular bed are used widely. Th ey had many advantages like dictating both resistance and capacitance of blood vessels, favorable haemodynamic eff ects, virtual absence of refl ux tachycardia, maintenance of renal blood fl ow and glomerular fi ltration rate and intact auto regulation of noradrenaline due to non-blockade of presynaptic α 2 -adrenoceptors. Th ey also had favorable eff ect on lipid profi le, carbohydrate metabolism and insulin resistance. Th ese drugs are also useful in the treatment of congestive heart disease (CHD), variant or prinzmetal's angina, raynaud's disease etc. However, there is a need of developing more specifi c analogs with specifi c affi nities to α 1 -adrenoceptor subtypes to remove their side eff ects [3] .
Prazosin has achieved signifi cant clinical usage in the country and has been included in the Indian Pharmacopoeia 1996. However, there are very few Indian manufacturers of prazosin (only one), terazosin (two) and doxazosin (three), which include all Hyderabad based companies namely, Dr. Reddy's holding (Trident), Aurobindo Pharma, Heterodrugs and SMS Pharmaceuticals. No Indian manufacturer for Bunazosin, Trimazosin and Alfuzosin is listed. A large number of Indian formulators import these drugs. Th e currently used processes [4, 5] for prazosin analogs suff ered from many drawbacks like low yields, use of thiophosgene, drastic reaction conditions, high Raw Material Cost (RMC) etc.
Th e reported routes for the synthesis and manufacture as depicted below had some disadvantages like Fig. (2) ; Route I: Overall yields 8-10%, use of Th iophosgene (toxic and banned substance which had carcinogenic property). Route II: Very low overall yields, drastic reaction conditions and prolonged reaction time required to complete the reactions. Route III: Longer synthesis of multiple steps, which increased the overall cost of the product.
Th ere was a need and opportunity to develop an alternative, cost eff ective, facile and eco-friendly route for the synthesis of prazosin and its congeners. 
MATERIALS AND METHODS
Source of chemicals and apparatus
Reagents used in the synthesis were of analytical or laboratory grade and were used as supplied or were prepared according to procedures described in literature. Solvents except analytical reagent grade were dried and purifi ed according to literature when necessary. Reactions were monitored by thinlayer chromatography (TLC) on pre-coated silica gel F254 plates from Merck and compounds visualized by exposure to UV light. Melting points were determined in open capillary with Veego electronic apparatus and are uncorrected.
Th e IR spectra were recorded using potassium bromide on JASCO V-5300 FT-IR. Th e 1 H NMR spectra were recorded in CDCl 3 and DMSO using NMR Varian-Mercury 300 MHz spectrometer.
Chemical shifts are reported in δ ppm units with respect to Tetramethyl Silane as internal standard and coupling constants (J) were reported in Hz units. Mass spectra were obtained on an Electron Impact mass spectrometer at 70 eV ionizing beam using direct insertion probe.
SYNTHESIS
Th e starting material 3,4-dimethoxybenzaldehyde [6] and Methyl-2-amino-4,5-dimethoxybenzoate (a) required for the synthesis of target compound was prepared by the reported me thod [4] .
Synthesis of Bioisoster of Prazosin:
All prime starting materials required in the scheme II had been synthesized, and at this moment it was decided to setup reaction conditions of various steps involved in scheme II. Compared to directly trying the reactions with 4,5-dimethoxyanthranilonitrile or methyl-2-amino-4,5-dimethoxybenzoate which were rather not easily accessible because it can be only prepared by multistep syntheses, it was thought most of process development work could be done with more simple, inexpensive and easily accessible starting material. One such starting material, bioisoster of dimethoxy-methylanthranilate, was 2-amino-3-carbethoxy-4,5,6,7-tetrahydrobenzo-(b)-thiophene (4). It was prepared in a one-pot, single step process in excellent yield by utilizing Gewald reaction [7] . Th us, it was decided to adopt scheme III, involving use of thiophene-o-amino-ester as starting material, which bestow the thiophene analog of prazosin.
Synthesis of Prazosin bioisoster, 4-amino-2-[(4-(2-furoyl)-1-piperazinyl]-5,6,7,8-tetrahydrobenzo-(b)-thieno-(2-3d)-pyrimidine-4-(3H) (4f); Synthesis of 2-amino-3-carbethoxy-4,5,6,7-tetrahydrobenzo-(b)-thiophene[7,8] (4):
A mixture of cyclohexanone (1 mol), sulfur (0.1 mol), ethylcyanoacetate (0.1 mol) and ethanol (20 ml) was stirred. To well stirred mixture diethylamine (0.125 mol) was added dropwise for half hour and stirring continued for another 3 hours at ambient temperature, once all sulfur got dissolved, reaction mixture was kept at 0-5°C for overnight. Th e solid separated was fi ltered next day, washed with 20 ml chilled 50% aqueous methanol. Th e product (75% yield) having mp 111-112°C (115°C) was characterized as 2-amino-3-carbethoxy-4,5,6,7-tetrahydrobenzo-(b)-thiophene.
Yield 75%, mp 111-112°C, IR (KBr) cm 
Synthesis of 2-Mercapto-5,6,7,8-tetrahydrobenzo-(b)-thieno[2,3-d]pyrimidine-4-one (4a):
A mixture of 2-amino-3-carbethoxy-4,5,6,7-tetrahydrobenzo-(b)-thiophene (0.004mole) and thiourea 0.008mole) were added to a round bottom fl ask and mixed well, to this mixture HCl (50%) was added till moist mass obtained. Th e mixture was irradiated with microwave (90 W) for 5 min, with cold shocks of half min. Th e reaction mixture was dissolved in 30ml sodium hydroxide solution (20% w/v) cooled to 0-5°C. 2-thiomethyl-4-oxo-5,6,7,8-tetrahydrobenzo-(b)-thieno[2,3-d] 
Synthesis of Prazosin:
Having synthesized principal starting material required for synthesis of prazosin and also successfully undertaken synthesis of its thieno-(2,3-d)-pyrimidine bioisosteric analog, the actual synthesis of prazosin was now taken up.
Synthesis of 2-mercapto-6,7-dimethoxyquinazolin-4-(3H)-one (b):
Th e methyl-2-amino-4,5-dimethoxybenzoate-(0.02mole) (2e), and thiourea (0.04mole), were mixed well and added HCL (50%) till wet mass obtained, in a round bottom fl ask. Th is mixture was irradiated with microwave for 5 min with shocks of 30 sec. Th e reaction mixture was dissolved in 30ml sodium hydroxide solution (20%), and fi ltered to remove any un-dissolved impurities, then cooled to 0-5°C, Th e solution was acidifi ed with conc. hydrochloric acid; the greenish colored solid separated was fi ltered out, washed with ice-cold water, and dried. Th e product (77% yield) having m.p. 245-247°C was characterized as 2-mercapto-6,7-dimethoxyquinazolin-4-(3H)-one (b).
Yield 77%, mp 245-247°C, IR (KBr) cm 
Synthesis of 6,7-dimethoxy-2-(methylthio) quinazolin-4(3H)-one (c):
Th e 2-mercapto-6,7-dimethoxyquinazolin-4(3H) one (0.006mole) was dissolved in 20ml sodium hydroxide solution (20%), cooled to 0-5°C. To the above solution, dimethyl sulphate (0.018mol) was added drop wise for half an hour with stirring. Again it was stirred for another 2 h and placed in freezer for overnight. Th e solid separated out was fi ltered and dried. Th e product (84% yield) having m.p. 234-236°C was characterized as 2-thiomethyl-6,7-dimethoxyquinazolin-4(3H)one (c).
Yield 84%, mp 234-236°C, IR (KBr) cm Solution of 2-thiomethyl-6,7-dimethoxyquinazolin-4(3H)one (0.003mole) and anhydrous piperazine (0.009mole) was dissolved in isopropyl alcohol in a round bottom fl ask fi tted with a refl ux condenser. Th is mixture was irradiated with microwave for 30-40min. Th e reaction mixture was quenched in icewater (30ml); solid separated was fi ltered out, and dried. Th e product (82 % yield) having m.p. 325-327°C was characterized as 6,7-dimethoxy-2-piperazin-1-yl-quinazolin-4(3H)-one (d).
Yield 82%, mp 325-326°C, IR (KBr) cm 
Synthesis of 4-furoyl-2-(piperazin-1-yl)-6,7-dimethoxyquinazolin-4(3H)one (e):
A mixture of 2-(piperazin-1-yl)-6,7-dimethoxyquinazolin-4(3H)one (0.017 mol), and 2-furoyl chloride (0.04mol) was dissolved in isopropyl alcohol (30ml) in a round bottom fl ask, fi tted with a refl ux condenser. To this mixture potassium carbonate (0.03mol) and the PTC namely TEBA chloride in catalytic amount (0.001mole) was added. Th is mixture was irradiated with microwave (90W) (Intermittent cold cycles) for 30min. Th e reaction mixture was quenched in ice-water; solid separated was fi ltered and dried. Th e product obtained in 85% yield was characterized as 4-furoyl-2-(piperazin-1-yl)-6,7-dimethoxyquinazolin-4(3H)one(e). Th us, the crude product was recrystalised from methanol: chloroform (4:1) to aff ord the crystalline product having mp 278-280°C which was characterized by IR. 2-[4-furoyl-(piperazin-1-yl) ]-4-chloro-6,7-dimethoxyquinazoline (f):
Th e 4-furoyl-2-(1-piperazinyl)-6,7-dimethoxyquinazolin-4-one (0.01mole) was dissolved in isopropyl alcohol (40ml), in an iodine fl ask fi tted with a refl ux condenser and guard tube. Th e reaction mixture was mixed with phosphorus-oxychloride (0.01mol) and refl uxed for 8-9 hrs. Th e reaction mixture was quenched in ice-water and neutralized with sodium bicarbonate; the solid was fi ltered and dried. Th e product (78% yield) having m.p.175-178°C was characterized as 2-[4-furoyl-(1-piperazinyl)]-4-chloro-6,7-dimethoxyquinazoline (f).
Yield 78%, mp 175-176°C, IR (KBr) cm 
Synthesis of 2-[4-(2-furoyl)-piperazin-1-yl]-4-amino-6,7-dimethoxyquinazoline (h):
2-[4-furoyl-(piperazin-1-yl)]-4-chloro-6,7-dimethoxyquinazoline (0.009 mol) was dissolved in tetrahydrofuran in a round bottom fl ask, which was cooled at 0-5°C. Th e dry ammonia gas was generated from the gas generation assembly which was passed through the solution of 2-[4-furoyl-(piperazin-1-yl)]-4-chloro-6,7-dimethoxyquinazoline for about 2-3 h. Th e white colored product was separated out, which was fi ltered out, and dried. Th e product (70% yield) was characterized as 2-[4-(2-furoyl)-piperazin-1-yl]-4-amino-6,7-dimethoxy-quinazoline (g).
Yield 70%, mp 278-280°C, IR (KBr) cm Th e molecule 2-[4-(2-furoyl)-piperazin-1-yl]-4-amino-6,7-dimethoxy-quinazoline can also be obtianed by the reaction of cholro compound (f) with sodium azide (0.001 mol) in tetrahydrofuran (15 ml) at 145-150°C to produce azido intermediate (g) with yield of 46%, this can be further reduced with zinc (0.09 mol) in presence of acetic acid (10 ml) at 85-90°C to aff ord the fi nal compound 2-[4-(2-furoyl)-piperazin-1-yl]-4-amino-6,7-dimethoxy-quinazoline (h) with 34% yield.
